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1L Introduction 
Experiments on the melting of natural and syn- 
thetic nucleic acids with short chain length - by fol- 
lowing the change of the ultraviolet spectrum as func- 
tion of temperature, ionic strength etc. - have be- 
come an important tool for investigating the stability 
and the structural features of their secondary and ter- 
tiary structure [ 1 ]. A potential source of information 
is usually not kept in mind with the appropriate 
weight in such experiments, namely the chain length 
dependence of the hypochromicity, which is the rela- 
tive magnitude of the absorbance change upon going 
from the double helical to the single stranded confor- 
mation. 
Such a dependence was predicted for example on 
the basis of a simple electrostatic model, involving 
the interactions of dipoles induced by light in neigh- 
bouring chromophores of a polymer [2-4] .  Oligo 
(dG-dC), with its strong tendency of forming base 
pairs, offers the opportunity to study the melting of 
double helices with four (or more) base pairs, provid- 
ing a nice experimental system for a comparison with 
theoretical predictions. 
2. Materials and methods 
Oligo (dG-dC) of different, homogeneous, chain 
lengths were obtained by separating a partial digest of 
poly(dG-dC) on a DEAE-column, using a NaCl-gra- 
dient in 90% formamide. The oligomers were charac- 
terized by paper chromatography, end group deter- 
mination and equilibrium centrifugation. (Experimen- 
tal details are given elsewhere [14]). Melting experi- 
ments were performed in thermostatted cuvettes in a 
Zeiss PMQ II spectrophotometer. Most measurements 
were made at 280 nm, where the absorbance of single 
stranded molecules at high temperature is close to 
that of the constituting nucleotides [5]. 
The hypochromicity hx(N) of an oligomer with 
chain length N is defined as 
h r 
hx(N ) = 1 - ex/e x (1) 
where e h is the extinction coefficient in the double 
x 
helical state at the wavelength X and e x the one of the 
constituting nucleotides. (If e r is close to that of the 
randomly coiled single strands x, one can use also the 
absorbance of the denatured molecules at high tem- 
perature.) 
3. Results 
The melting of oligo (dG-dC) with different chain 
lengths was measured at various oligomer concentra- 
tion as a function of temperature in 1.0 M NaC1, pH 
7.2. The results, together with kinetic experiments 
and the data of equilibrium centrifugation, agree with 
a dissociation of a double stranded helix into two sin- 
gle strands. The values determined for the hypochro- 
micity at 280 nm are shown in fig. 1 as function of 
the reciprocal chain length. 
This kind of plot is very convenient for a phe- 
nomenological presentation of the optical properties 
of oligomers with different lengths. Introducing an 
'effective length' (N -x )  gives for the hypochromicity 
of a particular oligomer: h(N) = h(~). (N -x ) /N ,  with 
h(~o) denoting the hypochromicity of the correspon- 
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ding polymer. A simple transformation leads to 
hre 1 = [h(Ar)/h(°o)] = 1 - x [ l /N] (2) 
Thus by plotting the relative hypochromicity against 
the reciprocal chain length gives a line with slope x, 
from which the 'effective length' is determined. 
Simple interpretations of eq. 2 are for example: a) 
Assuming that the base pair at the end of a double 
helix does not contribute to the hypochromicity 
(because it is in a different environment compared to 
the internal ones) will give x = 2; b) If e.g., the inter- 
action of induced dipoles with the third nearest neigh- 
bor is of primary importance for the hypochromicity, 
this lead to x = 3, but the value o fx  has not necessar- 
ely to be an integer. 
The experimental data for oligo (dG-dC)  fit very 
well a value o fx  = 2. They are furthermore consistent 
with the theoretical calculation for DNA in the 
B-form by Rich and Tinoco, as shown by the broken 
lines in fig. 1, redrawn from [6]. Taking into account 
the direction of the transition moments of guanosine 
and cytosine for the first absorbance band around 
270 nm [7, 8],  the experimental data are in full 
agreement with the theoretical prediction. That poly 
(dG-dC)  under these solvent conditions is in the 
B-form of  DNA can be concluded from the circular 
dichroism and the Raman-spectrum. 
The high stability of the dG" dC base pair in the 
double helix at low temperature and high ionic 
strength, as deduced from the thermodynam!c anal- 
yses of the melting curves, makes it very unlikely, 
that bases at the end of (dG-dC) ,  • (dG-dC) ,  will 
be unpaired to a significant amount [14]. 
4. Discuss ion  
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Fig. 1. Chain length dependence of the relative hypochromic- 
ity h(N)/h(~) for the melting of oligo(dG-dC) -oligo(dG- 
dC) in 1.0 M NaC1, pH 7.2 at 280 nm (o -o -ok  The data are 
plotted as a function of the reciprocal chain length - 1IN. 
According to eq. 2 an effective chain length of(N-2) describes 
these results. They are in agreement with theoretical predic- 
tion, shown by the broken lines for two different directions 
of the transition moments with respect to the geometry of 
the DNA-double helix [6]. 
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According to theories of the hypochromicity, the 
chain length dependence will be influenced by the 
kind of base pairs, the geometry of  the double helix 
and the wave length of observation. For these reasons 
the following estimates can only be regarded as semi- 
quantitative. (Results obtained on the melting of 
(AnUn) ' (AnUn)  are compatible with x = 2 for these 
RNA-oligomers [9] .)! 
A value o fx  = 2 is used in estimating the differ- 
ence in hypochromicity for the molecules hown 
Fig. 2. Schematic drawings of double helical molecules dis- 
cussed in the text. (Base pairs are shown as rungs of a ladder) 
While I and II (III and IV) respectively) have the same num- 
ber of base pairs, their change in absorbance upon melting is 
expected to differ by about 30% due to the chain length 
dependence of hypochromicity. 
schematically in fig. 2. Molecule I and II respectively 
contain 10 base pairs each, but in II they are inter-  
rupted in the middle by mismatching nucleotides, o 
that no spatial correlation exists between the two 
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halves of the oligomer. Upon changing to a single 
stranded conformation, and using eq. 2 with x = 2, 
the hypochromicity of I will be about 33% larger 
than for II, although the same number of base pairs 
will be disrupted. Such an estimate is in reasonable 
agreement with experimental data on the melting of 
(AaGCnUa)'(AaGCnU4) [10]. 
An other example is tRNA, shown in fig. 2 in two 
different conformations III and IV. In III - according 
to the X-ray structure of phenylalanine-tRNA [11] 
- two base paired parts of the molecule form a con- 
tinous helix, being one 'bar' of the L-like structure. 
Molecule IV has the same base paired regions, but 
without spatial correlation. Simply on the basis of  
the chain length dependence of the hypochromicity 
- without taking into account any other spectral 
contributions - one expects for III about 30% larger 
hypochromicity than for IV [12, 13]. Thus molecules 
with the same number of base pairs but different con- 
formations may show a considerable difference in 
their spectral properties. 
For a more quantitative correlation between struc- 
tural features and hypochromicity, it would be very 
desirable to have more comparisons between theoret- 
ical calculations and experimental results, using other 
synthetic oligomers and polymers of  defined sequence. 
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